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Abstract
Context. R Coronae Borealis stars (RCBs) are rare, hydrogen-deficient, carbon-rich supergiant variable stars that are likely the evolved
merger products of pairs of CO and He white dwarfs. Only 55 RCB stars have been found in our galaxy and their distribution on the
sky is weighted heavily by microlensing survey field positions. A less-biased wide-area survey would provide the ability to test
competing evolutionary scenarios, understand the population or populations that produce RCBs and constraint their formation rate.
Aims. The ASAS-3 survey monitored the sky south of declination +28 deg between 2000 and 2010 to a limiting magnitude of V =
14. We searched ASAS-3 for RCB variables using a number of different methods to ensure that the probability of RCB detection was
as high as possible and to reduce selection biases based on luminosity, temperature, dust production activity and shell brightness.
Methods. Candidates whose light curves were visually inspected were pre-selected based on their infrared (IR) excesses due to warm
dust in their circumstellar shells using the WISE and/or 2MASS catalogues. Criteria on light curve variability were also applied
when necessary to minimize the number of objects. Initially, we searched for RCB stars among the ASAS-3 ACVS1.1 variable star
catalogue, then among the entire ASAS-3 south source catalogue, and finally directly interrogated the light curve database for objects
that were not catalogued in either of those. We then acquired spectra of 104 stars to determine their real nature using the SSO/WiFeS
spectrograph.
Results. We report 21 newly-discovered RCB stars and 2 new DY Per stars. Two previously suspected RCB candidates were also
spectroscopically confirmed. Our methods allowed us to extend our detection efficiency to fainter magnitudes that would not have
been easily accessible to discovery techniques based on light curve variability. The overall detection efficiency is about 90% for RCBs
with maximum light brighter than V ∼ 13.
Conclusions. With these new discoveries, 76 RCBs are now known in our Galaxy and 22 in the Magellanic Clouds. This growing
sample is of great value to constrain the peculiar and disparate atmosphere composition of RCBs. Most importantly, we show that
the spatial distribution and apparent magnitudes of Galactic RCB stars is consistent with RCBs being part of the Galactic bulge
population.
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1. Introduction
The merger of two white dwarfs (WDs) is a rare astrophysical
phenomenon that concludes the life of a close binary system. It
is the source of a very interesting new class of stars or phenom-
ena that are much studied nowadays. The merger of two Helium-
WDs, a low mass system (MTot . 0.6M⊙), results in hot sub-
dwarf type (sdB and sdO) stars, that explain the excess of UV
emission observed in elliptical galaxies (Podsiadlowski et al.
2008). At the other end of the mass scale, the merger of two
CO-WDs (MTot & 1.4M⊙) can produce one of the most powerful
cataclysmic events known in our Universe, a Type Ia Supernova
(Sim et al. 2010; Pakmor et al. 2012) or result in a neutron star
after a gravitational collapse. In the middle range, when the to-
tal mass of the system does not exceed the Chandrasekhar mass
Send offprint requests to: Patrick Tisserand; e-mail:
tisserand@mso.anu.edu.au
limit, i.e., the merger of an He-WD with a CO-WD, a new
class of stars may be created. R Coronae Borealis stars (RCBs)
are the favoured candidates (Webbink 1984; Jeffery et al. 2011;
Shen et al. 2012; Staff et al. 2012).
RCBs are hydrogen-deficient and carbon-rich supergiant
stars. They are rare, with only 53 known in our galaxy (Clayton
1996; Tisserand et al. 2008; Clayton 2012), and their atmosphere
is made of 99% helium. The scarcity and unusual atmospheric
composition of RCBs suggest that they correspond either to a
brief phase of stellar evolution or an uncommon evolutionary
path. Two major evolutionary scenarios have been suggested to
explain their origin: the Double Degenerate (DD) scenario, cor-
responding to the merger of two WDs, and the final helium Shell
Flash (FF) scenario (Iben et al. 1996; Renzini 1990) which in-
volves the expansion of a star, on the verge of becoming a white
dwarf, to supergiant size (a late thermal pulse). The DD model
has been strongly supported by the observations of an 18O over-
abundance in hydrogen-deficient carbon (HdC) and cool RCB
1
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stars (Clayton et al. 2007; Garcı´a-Herna´ndez et al. 2010), 500
times higher than the 18O solar abundance (Anders & Grevesse
1989), but also the surface abundance anomalies for a few el-
ements, fluorine in particular (Pandey et al. 2008; Jeffery et al.
2011) and the evolutionary time scale (Saio & Jeffery 2002). On
the other hand, nebulae were detected around four RCB stars
(Clayton et al. 2011), which indicates that a fraction of RCBs
could still result from the FF scenario.
RCB stars are of spectral type K to F with an ef-
fective temperature ranging mostly between 4000 and 8000
K (Asplund et al. 2000; Tisserand 2012a), with a few ex-
ceptions being hotter than 10000 K (V348 Sgr, DY Cen,
MV Sgr and HV 2671) (De Marco et al. 2002). Interestingly,
Kameswara Rao et al. (2012) have shown recently that a mem-
ber of this latter group, DY Cen, is in a binary system. This is
the first star classified as an RCB star that is found to have a
companion. Their study and the peculiar abundance of DY Cen
indicates that is has certainly not followed the same evolution
path than classical RCB, but has possibly gone though a true
common-envelope system in the past 100 years.
It is necessary to increase the known sample of RCB stars
to answer our questions about their origin and population.
With an absolute magnitude ranging from −5 6 MV 6 −3.5
(Alcock et al. 2001; Tisserand et al. 2009) and a bright circum-
stellar shell, it is possible nowadays to detect the vast majority of
RCB stars in the Milky Way and the Magellanic Clouds by using
the datasets accumulated by ongoing surveys. In the favoured
DD scenario, such a volume-limited search would allow us to
determine the rate of He-WD + CO-WD mergers and therefore
give constraints on population synthesis models (Ruiter et al.
2009). Indeed, current models estimate a He-WD + CO-WD
merger birthrate between ∼ 10−3 and ∼ 5 × 10−3 per year
(Nelemans et al. 2001; Ruiter et al. 2009), which would corre-
spond to about 100 to 500 RCB stars existing nowadays in our
Galaxy, using an RCB phase lifetime of about 105 years, as pre-
dicted by theoretical evolution models made by Saio & Jeffery
(2002). Another interesting outcome of our endeavour to in-
crease the number of known RCB stars is that we can con-
strain simulations of merging events. Indeed, the detailed study
of RCBs’ peculiar and diverse atmospheric composition would
give further information to He-WD + CO-WD merger mod-
els with nucleosynthesis (Jeffery et al. 2011; Staff et al. 2012),
which could in turn improve models of higher mass WD merg-
ers that can cause transient type Ia Supernovae events.
The spectroscopic follow-up of candidates is the final step
required to confirm them as RCB stars, as one needs to con-
firm the hydrogen deficiency and high C/O ratio of the atmo-
sphere and also, in most cases, the low isotopic 13C/12C ratio
and high 18O/16O ratio. Two different techniques are used to se-
lect candidates. One can select objects that possess a hot cir-
cumstellar shell using IR datasets (Tisserand 2012a), or apply
algorithms to detect aperiodic fast and large declines in bright-
ness among millions of light curves obtained in the visible region
of the spectrum (Alcock et al. 2001; Tisserand et al. 2004, 2008;
Miller et al. 2012), or both (Tisserand et al. 2011).
We have searched for new RCB stars among the entire
ASAS-3 south survey dataset using both light variations and IR
excess techniques to increase our overall detection efficiency.
The survey has monitored millions of stars with a declination
lower than +28◦, since October 2000. The survey characteristics
are described in section 2. RCBs are mainly known to undergo
unpredictable, fast, and large photometric declines (up to 9 mag
over a few weeks) due to carbon clouds forming close to the
line of sight that obscure the photosphere. First, we searched for
such signatures among the ASAS-3 light curves of pre-selected
objects presenting a near-IR excess using the 2MASS magni-
tudes. We applied this classical searching method to the ASAS-
3 South ACVS1.1 variable stars catalogue and then to the entire
ASAS-3 south source catalogue. Second, we visually inspected
the light curves of all objects selected by Tisserand (2012a,b) for
their warm shells. The details of these analyses are discribed in
section 3 and a comparison of their results is discussed in sec-
tion 9. The spectroscopic confirmation of 23 new RCB stars is
presented in section 4, and each star is discussed individually in
section 8. A discussion about their maximum brightness, spatial
distribution and spectral energy distribution can be found respec-
tively in sections 5, 6 and 7.
We note also that we searched for DY Per stars, which might
be the cooler counterpart of RCB stars. We found two new DY
Per stars among the entire ASAS-3 south survey dataset. More
details on DY Per stars and the analysis can be found in sec-
tion 3.4.
2. Observational data
The All Sky Automated Survey (ASAS) (Pojmanski 1997) has
been monitoring the entire southern sky and part of the northern
sky (δ < +28◦) since October 2000, using large field of view
CCD cameras and a wide-band V filter. Sources brighter than
V∼14 mag were catalogued (i.e. ∼ 107 objects). The system is
located at Las Campanas Observatory. The light curve of each
individual object can be downloaded from the ASAS-3 website:
http://www.astrouw.edu.pl/asas/. The CCD resolution is about
14.8′′/pixel and therefore the astrometric accuracy is around 3-
5′′ for bright stars, but could be up to 15′′ for fainter ones. With
such resolution the photometry in crowded fields is uncertain.
Spectroscopic follow-up of 104 RCB candidates, 24 known
RCB stars and 6 known HdC stars was performed with the Wide
Field Spectrograph (WiFeS) instrument (Dopita et al. 2007) at-
tached to the 2.3 m telescope at Siding Spring Observatory of
the Australian National University. WiFeS is an integral field
spectrograph permanently mounted at the Nasmyth A focus. It
provides a 25′′ × 38′′ field with 0.5 arcsec sampling along each
of twenty-five 38′′ × 1′′ slitlets. The visible wavelength interval
is divided by a dichroic at around 600 nm feeding two essentially
similar spectrographs. Observations are presented with a 2-pixel
resolution of 2 Å. The spectra were obtained during seven ob-
servational runs: 27-29 November 2009, 14-17 July 2010, 9-13
December 2010, 20-25 July 2011, 4-7 June 2012, 23-25 July
2012 and 1-3 August 2012. They are presented in figures 11, 12,
14, 15, 16 and 17.
Additional spectra were obtained with the Reticon detector
and Unit spectrograph on the 1.9m telescope at the Sutherland
site of the South African Astronomical Observatory (SAAO).
All spectra were obtained with grating 6 which has a resolution
of ∼2.5 Å, and a useful range of about 3600-5400 Å at the angle
setting used. The spectra were taken between 1989 and 1994.
They have been extracted, flat-field corrected, sky-subtracted
and wavelength calibrated. A flux calibration was done for
the spectra using the spectrophotometric standard LTT7379 al-
though due to the slit and variable seeing, the data are not pho-
tometric. Eight spectra were obtained of V532 Oph. These were
combined by taking a median of all the spectra. All spectra are
plotted in figure 13.
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Figure 1: Galactic distribution (l,b) of RCB stars in the Milky Way centered at (0,0). The black dots are RCB stars known before
this analysis, the red ones are newly discovered. The blue line represents the limit of observation of the ASAS-3 south survey with
a declination of +28◦.
3. Analysis
Many large scale surveys are actually underway and new RCB
stars can be found among the millions of light curves produced,
although the aperiodic large brightness variations of RCB stars
make them difficult to find and a cautious approach is necessary.
A significant RCB star sample also needs to be gathered and
characterised before more automatic searches can be made as
the light curves are so diverse. Furthermore, the ASAS-3 dataset
is affected by systematic problems that result in some artificial
declines which may be misleading, as well as the annual gap in
the observations, and variations of the survey depth.
For our initial approach, we decided to apply a series of se-
lection criteria to keep interesting candidates for spectroscopic
follow-up. The selection criteria were defined to optimise the
number of new RCBs found but also to minimise the quantity of
light curves for visual inspection. First, as the vast majority of
RCBs possess a warm circumstellar dust shell, we kept only ob-
jects that present an IR excess using the 2MASS J, H and K mag-
nitudes (see Figure 3). Second, we selected objects that show
large amplitude brightness variations and/or show a rapid de-
cline rate in luminosity. These criteria differ slightly depending
on the ASAS-3 catalogues being analysed. They are described
in sections 3.1 and 3.2.
This classical analysis was performed in two steps, named
analyses A and B in Table 2. Initially, we focused on the ASAS-
3 variable stars catalogue, ACVS1.1. We then decided to direct
our efforts towards the entire ASAS-3 source star catalogue, as
we found that some previously discovered RCB stars were not
listed in ACVS1.1. The details of both analyses are described
below.
The limiting magnitude of the ASAS-3 survey is about
Vlim ∼ 14 mag. We estimated that we can detect RCB stars
with a maximum magnitude no fainter than VRCB,max ∼ 13
mag, which corresponds to maximum distances of ∼40 and ∼20
kpc, respectively for RCBs with absolute magnitudes MV of -
5 and -3.5 mag (Tisserand et al. 2009). We also expected that
most RCBs located in the Galactic Bulge and/or close to the
Galactic plane, where the density of known RCBs is highest
(Tisserand et al. 2008), would not be in the ASAS-3 catalogue
for two reasons: first, RCBs would be fainter due to high in-
terstellar extinction; second, the photometry and source detec-
tion become complicated with the high density of stars and
the low CCD resolution of ∼15′′/pixel. Of the 19 RCBs al-
ready known towards the Galactic Bulge (Zaniewski et al. 2005;
Tisserand et al. 2008, 2011), only 2 (EROS2-CG-RCB-3 and
OGLE-GC-RCB-2) were bright enough to be catalogued and
monitored by the ASAS-3 survey, each with a maximum mag-
nitude of Vmax ∼ 13.6 mag. The former star has only ten mea-
surements on its light curve, while the latter has more than 800.
However, we note that the decline observed in the OGLE-III
dataset (Tisserand et al. 2011, Figure 5), around HJD 2453500
days, is not clearly detectable in the ASAS-3 light curve of
OGLE-GC-RCB-2 due to the limiting magnitude of the survey,
and therefore this RCB star would not have been found despite
its large number of measurements.
To increase our detection efficiency and compare the pros
and cons of different methods we decided also to visually in-
spect the ASAS-3 light curves of all objects listed in Tisserand
(2012a), where no selection criteria based on the light curve
were used, but only 2MASS (Skrutskie et al. 2006) and WISE
(Wright et al. 2010) IR colours to select objects with hot, bright
circumstellar shells. The related analysis is discussed in sec-
tion 3.3 and labelled C and D in Table 2.
3.1. Search for RCB stars in the ACVS1.1 catalogue
(Analysis A)
This catalogue is a concatenation of five different catalogues
of variable stars as detected by the ASAS collaboration:
first with declinations < 0◦ and various ranges of right
ascension, 0h − 6h(Pojmanski 2002), 6h − 12h (Pojmanski
2003), 12h − 18h(Pojmanski & Maciejewski 2004), 18h − 24h
(Pojmanski & Maciejewski 2005), and with declinations< +28◦
(Pojmanski et al. 2005). ACVS1.1 is available on the ASAS Web
page1 and contains 50124 entries. For each object listed such pa-
rameters of variability as periodicity, amplitude of variation Vamp
and maximum brightness, Vmax, are given, as well as the IRAS
and 2MASS photometry.
We used 2MASS colours and the Vamp parameter to select
stars for visual inspection. We selected all objects that present
an IR excess as described in Figure 3, but added a supplemen-
tary constraint on the amplitude of variation of Vamp > 1 mag
for objects with H − K < 0.2. A total of 1685 objects were se-
lected. After visual inspection of their light curves to search for
1 ASAS Web page: http://www.astrouw.edu.pl/asas/?page=catalogues
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typical RCB declines in brightness, 17 stars were selected for
spectroscopic follow-up. The rejected objects were mostly peri-
odic variable stars, such as Miras and eclipsing binary systems.
Seven stars presented unmistakable RCB-type declines in
brightness and, indeed, their respective spectra confirmed their
true nature as RCB stars. They are listed in Table 2 and named
ASAS-RCB-1 to -7. Another star, named ASAS-RCB-8, has a
light curve with a relatively slow decline, but its spectrum shows
that it is a warm RCB star. These new RCB stars are discussed
individually in section 8. Their spectra and light curves are pre-
sented in Figures 11 and 6 to 9 respectively.
Three of these RCBs, ASAS-RCB-3, -4 and -6, were also re-
cently reported and spectroscopically confirmed by Miller et al.
(2012). They analysed the light curves of each object listed in
the ACVS1.1 catalogue using a machine-learned algorithm to
classify objects and applied a hard cut on the probability that an
object belongs to the RCB class. They followed up their candi-
dates spectroscopically and found four RCB stars, the three that
have just been mentioned plus ASAS-RCB-9. We did not find
ASAS-RCB-9 in Analysis A because the 2MASS IR magnitudes
given in the ACVS1.1 catalogue are not correct, certainly due to
a crossmatching issue. Miller et al. (2012) technique is a very
interesting method to discover rare objects such as RCB stars,
but it would benefit from more training with a larger sample of
known RCB stars’ light curves. The newly found RCB stars re-
ported here could be used to improve the algorithm and increase
its detection efficiency. As we discuss below, other RCB stars
can still be found in the ASAS-3 dataset and the Miller et al.
(2012) algorithm could be of great use in finding RCB stars that
are at the limit of detectability.
Surprisingly, despite our success in revealing eight new RCB
stars, we did not rediscover all 29 previously known bright RCB
stars that could have potentially been listed in the ACVS1.1 cat-
alogue. Indeed, 11 of the 29 known RCB stars were not recov-
ered. This is easily explained for four of the stars: Y Mus, DY
Cen, V739 Sgr and MV Sgr, as they did not show any bright-
ness variation in their respective ASAS-3 light curves. However,
this is not the case for 7 other known RCBs, namely SU Tau,
UX Ant, UW Cen, V348 Sgr, GU Sgr, RY Sgr and V532 Oph.
They were not found even though they exhibited large ampli-
tude declines or recovery phases on their overall ASAS-3 light
curves and had significant IR excesses. In fact, those 7 RCBs
are not even in the ACVS1.1 catalogue. This is due to the fact
that the ACVS1.1 catalogue contains only stars where variability
occurred during the first few years of ASAS-3 data, and there-
fore stars with large brightness variations later in the survey have
been missed. Table 1 illustrates this by showing the difference
between the maximum amplitude listed in the ACVS1.1 cata-
logue and the one taking into account the entire ASAS-3 light
curves. This outcome indicates that there may still be a number
of undiscovered RCB stars in the entire ASAS-3 south source
star catalogue. The analysis of this catalogue is described below.
3.2. Search for RCB stars in the entire ASAS-3 south source
star catalogue (Analysis B)
About 12 million stars were catalogued and monitored by the
ASAS-3 south survey. Thanks to the ASAS collaboration, we
obtained the source star catalogue, which contains the coordi-
nates of each object, as well as a V magnitude truncated to its
integer value, calculated from the 30 brightest measurements.
This catalogue contains all objects located south of the celestial
equator with more than 200 measurements, and northern objects,
up to +28◦, with at least 100 measurements. These constraints
Figure 2: Distribution of the V magnitude of objects listed in the
entire ASAS-3 south source catalogue used in this study.
were applied to assure the validity of each object. We treated
each entry individually, and duplicates were removed during the
final stages of the analysis.
First, we kept only stars brighter than V < 13 mag as we
found it difficult to recognise RCB photometric declines for
fainter objects, knowing that the ASAS-3 limiting magnitude is
Vlim ∼ 14 mag. The brightness distribution of all sources cata-
logued is presented in Figure 2. After the magnitude cut, a to-
tal of 6038078 objects remained. Second, we matched each ob-
ject with the 2MASS catalogue using a progressive matching
radius technique, from 5′′to 15′′. Only 2541 ASAS-3 objects
did not have an association with the 2MASS catalogue. Third,
we applied the same selection criteria that were applied to the
ACVS1.1 catalogue, selecting all objects with an IR excess, ex-
cept that this time we added a strict cut at H − K > 0.2 (see
Figure 3). About 67000 objects passed this last selection and
their respective ASAS-3 light curves, spanning 10 years (2000-
2010), were downloaded through the ASAS-3 Web interface2
using an automatic script. Using magnitudes calculated from the
smallest photometric aperture, we calculated for each object the
total amplitude of variation Vamp, based on four measurements
at both maximum and minimum brightness, and the maximum
rate of decline in brightness, Dmax, based on five consecutive
measurements. We were careful to reject light curves with sys-
tematic photometric issues that can mimic a large decline. These
were recognisable as they occurred on many light curves during
the same night. The number of fast declines occurring per night
was therefore counted over all light curves and data from nights
presenting 10 or more fast declines were rejected. Finally, we
visually inspected 5264 objects with Vamp > 1.5 mag and an ad-
ditional 1710 objects with Dmax > 0.02 mag.day−1. From these
candidates, 60 objects were chosen for spectroscopic follow-up.
This method enabled us to confirm 4 new RCB stars, named
ASAS-RCB-9 to -12. They are listed in Table 2 and their spectra
and light curves are presented in Figures 11 and 7 respectively.
Of the 28 known RCB stars located in the sky area monitored
by the ASAS-3 south survey (strictly below dec< +28◦, R CrB
is therefore not counted), we succeeded this time in rediscov-
2 ASAS Web interface: http://www.astrouw.edu.pl/asas/?page=aasc
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ering 23 of them with this technique. As mentioned in the pre-
vious analysis, V739 Sgr, DY Cen, MV Sgr and Y Mus do not
present any photometric declines and could not therefore have
been found. (We note that Y Mus would not have been detected
regardless as it presents only a weak IR excess.) The last known
RCB star not rediscovered is V348 Sgr simply because it is not
listed in the ASAS-3 south source catalogue that we used, de-
spite the fact that its light curve is available from the ASAS Web
site and presents multiple declines. It has not been listed because
only 95 measurements were counted, which is lower than the
threshold of 200 used to form the source catalogue.
Among the three strong RCB candidates suggested by
Tisserand (2012a), only two were selected by the analyses that
we have just described: ASAS-RCB-7 with Analysis A and
ASAS-RCB-9 with Analysis B. The remaining suggested can-
didate is V581 CrA. Its ASAS-3 light curve is available from
the interactive ASAS Web service with more than 200 measure-
ments. It was not found by both analysis, despite the fact that
it has gone through large photometric variations (see Figure 8)
and its 2MASS colours indicate an IR excess that would have
been selected by our criteria. We obtained a spectrum and con-
firmed its membership of the RCB class of stars. We named it
ASAS-RCB-13. We did not find an entry for that star, nor in
the ACVS1.1 catalogue, nor in the entire ASAS-3 south source
catalogue. Many of its photometric measurements are fainter
than V∼14 mag, and therefore, not all of them passed our qual-
ity requierements. The total number of qualified measurements
dropped below the threshold to select ASAS-RCB-13 in the
ASAS-3 source catalogue.
The fact that V348 Sgr and ASAS-RCB-13 are missing in-
dicated to us that other RCB stars may yet be revealed from the
ASAS-3 survey. Despite the success of our method of finding
new RCB stars, we may also have missed some because of the
2MASS association method we used to comply with ASAS-3
astrometric uncertainty (up to 15 arcseconds), or because of the
strict limit applied on the amplitude and rate of decline, or the
limit on the number of measurements used to validate the ob-
jects that were subsequently analysed. Finally, we note that some
RCBs may also have remained faint during the period covered
and could have recovered their brightness after 2010, and some
RCBs may have been in a faint phase on the reference images
used to create the ASAS-3 source catalogue.
3.3. Search for RCB stars using the Tisserand (2012a,b)
catalogue (Analyses C and D)
The analyses described above have a limiting magnitude of
V ∼ 13, but with a strong decrease in detection efficiency for ob-
jects fainter than V ∼ 12. To complete our search of the ASAS-3
south catalogue, we decided to download and visually inspect
the ASAS-3 light curves of each object listed in the catalogue of
RCB candidate stars that was created from the 2MASS survey
and the WISE preliminary data release (Tisserand 2012a), and
expanded using the WISE final all-sky data release (Tisserand
2012b). The selection was made in two steps. First, all WISE
selected objects were cross-matched with the entire ASAS-3
source catalogue and the light curves of the matching candi-
dates were visually inspected (Analysis C). Second, in case some
RCBs were not included in the ASAS-3 source catalogue (as was
found to be the case with ASAS-RCB-13), we interrogated the
ASAS-3 database to download the light curves of all remaining
WISE objects selected (Analysis D). Overall, 22 objects were
selected for spectroscopic follow-up, but 4 were too faint during
Figure 3: J − H vs H − K diagrams using the 2MASS magnitudes
of all objects listed in the ASAS-3 ACVS1.1 variable stars cata-
logue (black dots). The red lines show the selection criteria used
in Analysis A. The blue points correspond to the RCB stars that
were previously known, the red points to the 23 newly discov-
ered RCB stars. The green lines represent the selection box used
to find new DY Per stars. The green points correspond to the 2
new DY Per stars.
our observational runs3. Of the 18 remaining, 8 show clear fea-
tures due to the C2 and CN molecules and weak abundance of
13C at 4744 and 6260 Å. They are named ASAS-RCB-14 to -21
and are listed in Table 2. Their spectra are presented in Figure 11
and light curves in Figures 8 and 9.
None of these 8 new RCB stars would have been selected
by the classical methods described in sections 3.1 and 3.2, for
three reasons. First, the maximum total amplitude variation ob-
served for all of them is lower than the selection criterion applied
of 1.5 mag. Second, five present a maximum luminosity fainter
than V ∼ 13. Finally, the light curves of five of them, namely
ASAS-RCB-14, -15, -19, -20 and -21, possess too few measure-
ments to be selected as valid objects in the entire ASAS-3 source
catalogue we analysed. Indeed, these obects only have between
10 and 50 measurements. More photometric follow-up will be
needed for these RCBs in order to detect more aperiodic fast
declines and to definitely confirm their nature.
Of the 12 new RCBs that were discovered by classical meth-
ods (ASAS-RCB-1 to -12), only two were not found by our new
method: ASAS-RCB-1 and -8, the two warmest RCBs of the
series. It is also worth emphasizing that ASAS-RCB-13 and -
21 were found only because they were listed in the Tisserand
(2012a) catalogue. None of them was listed in the ASAS-3 south
source catalogue we used, demonstrating the difficulty of search-
ing for RCB stars in that dataset.
3 Namely ASAS J143647-6404.5, J173401-2951.8, J174317-1824.0
and J183631-2059.2. The last star was classified as an M type star and
is therefore most likely a Mira variable star (Houk 1967).
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Clearly the release of the post-2010 data of the ASAS-3
south survey and of course those from the ASAS-3 north sur-
vey will be the source of new RCB discoveries. Dedicated algo-
rithms such as the one developed by Miller et al. (2012) will be
very useful, especially if they combine their search with near-
and mid-IR broadband photometry.
3.4. Search for DY Per stars in the entire ASAS-3 south
source star catalogue
Only two DY Per stars were known in our Galaxy: the prototype
DY Persei (Zacˇs et al. 2007; Yakovina et al. 2009) and EROS2-
CG-RCB-2 (Tisserand et al. 2008). Recently, Miller et al. (2012)
have reported four possible new ones and Smirnova (2012) dis-
cussed in details the reasons why two bright cool N-type car-
bon stars, V1983 Cyg and V2074 Cyg, should also be ascribed
to this type of stars. DY Per stars are known to be cooler than
typical RCB stars (with V − I ∼ 2 mag, Teff ∼ 3000 − 3500
K). Unlike RCBs which typically have sharp declines and slow
recoveries, DY Per stars decline symmetrically with the fading
and recovery happening at similar rates. Some examples of these
brightness variations can be found in Alcock et al. (2001) and
Tisserand et al. (2004, 2009), where 13 Magellanic DY Per stars
were reported. Soszyn´ski et al. (2009) have also presented a list
of Magellanic DY Per candidates with their respective OGLE-III
light curves. Many of them are interesting and will need spec-
troscopic follow-up for confirmation. Since so few DY Per stars
are known, the characterisation of this class of stars is not com-
plete. DY Per stars are known to be cool carbon-rich supergiant
stars, with a possible hydrogen deficiency (Keenan & Barnbaum
1997; Zacˇs et al. 2007) and an isotopic 13C/12C ratio higher than
RCBs. They are surrounded by circumstellar dust shells and they
form new dust as seen in light curve variations. It is shown
in Tisserand et al. (2009) that there exists a relation between
the maximum depth of the optical brightness variation and the
brightness of the shell in mid-IR.
DY Per stars might be the cooler counterpart of RCB stars,
and there may therefore be an evolutionary connection between
both classes of stars. A DY Per star’s circumstellar dust shell
is on average hotter (Teff ∼ 800 − 1500 K) than an RCB’s
shell (Tisserand et al. 2009). It is interesting to note that a sharp
peak was observed at ∼11.3 µm in the mid-IR spectrum of DY
Persei itself, obtained by Garcı´a-Herna´ndez et al. (2011b) with
the Spitzer Infrared Spectrograph, indicating the possible pres-
ence of polycyclic aromatic hydrocarbons (PAHs) in its shell,
which are not observed in the majority of RCB stars4. The pres-
ence of PAHs in DY Persei needs to be confirmed with spectro-
scopic observation at wavelengths shorter than 10 µm.
From the DY Per characteristics that have just been men-
tioned, it is clear that DY Per stars are also very similar to or-
dinary carbon stars with an N type spectrum and further stud-
ies will be needed to investigate if they are indeed two different
types of object.
We searched for new DY Per stars in the ASAS-3 south
dataset by inspecting visually a sample of objects selected in
a J − H versus H − K 2MASS colour diagram (see the selected
area in Figure 3). DY Per stars are known to look similar to or-
dinary carbon stars in broadband photometry. For objects with
0.3 6 H − K 6 0.5, we added a supplementary constraint on
4 Two RCB stars, one hot and one warm, DY Cen and V854 Cen,
show PAH features in their respective spectra (Garcı´a-Herna´ndez et al.
2011b,a). These are also the two RCB stars with the highest measured
hydrogen abundance(Asplund et al. 1998).
the amplitude of variation, Vamp > 1.5 mag. A total of 12421
light curves were visually inspected to search for the typical DY
Per symmetric decline and 10 candidates were kept for further
photometric follow-up. Of these 10 candidates, we confirmed 2
new DY Per stars. Their spectra show C2 and CN features and
clear 13C enhancement at λ ∼ 4744Å. They are named ASAS-
DYPer-1 and -2 and are listed in Table 2. ASAS-DYPer-1 is even
brighter by at least 1.2 mag in K than the prototype DY Persei
(see Table 3). Their respective light curves and spectra are pre-
sented in Figures 10 and 15. We present the classification of
the other 8 candidates in Table 5: 5 show a spectrum with TiO
features similar to Mira type stars, 2 show nebula-like emission
lines, and the eighth is a hot supergiant star with very narrow
hydrogen lines.
4. Spectroscopic confirmation
RCB stars are of spectral type K to F with an effective tem-
perature ranging mostly between 4000 and 8000 K (Tisserand
2012a), with a few exceptions being hotter than 10000 K (V348
Sgr, DY Cen, MV Sgr and HV 2671) (De Marco et al. 2002).
The standard RCB atmospheric composition can be found in
Asplund et al. (1997, Table 1). The main characteristics of the
spectrum are hydrogen deficiency, with H/He ranging mostly be-
tween 10−6 and 10−4 (V854 Cen is the exception with H/He∼
10−2); carbon richness equivalent to C/He∼ 1%; and N enrich-
ment, with C/N∼1.3 (Asplund et al. 2000). A complete summary
and discussion of the usual abundances found in RCB stars in
the context of hot and cold WD merger scenarios can be found
in Jeffery et al. (2011).
HdC stars are also hydrogen-deficient and carbon-rich stars,
but there are no photometric declines on record. Only 6 HdC
stars are currently known and their effective temperature range is
between 5500 and 7000 K (Tisserand 2012a). Mid-infrared data
indicate that there is no sign of the existence of a circumstellar
shell and therefore they do not produce carbon dust clouds as
RCB stars do. The exception is HD 175893 which has a circum-
stellar dust shell (T eff ∼ 500 K) but has never been seen to un-
dergo a decline phase (Tisserand 2012a, Figure 12). HD 175893
could therefore play an important role in the understanding of an
evolutionary link between RCB and HdC stars.
The optical spectra of 24 known RCB stars, 3 hot RCBs and
the 6 known HdC stars are presented respectively in Figures 12
and 13, 16 and 17. They were obtained by the SSO/2.3m/WiFeS
and the SAAO/1.9m/Reticon/Unit spectrographs which cover
two different wavelength ranges, respectively 3400 to 9700 Å
and 3600 to 5400 Å. A summary and further details of these
spectra can be found in Section 2 and Table 1.
The optical spectrum of an RCB star depends on its temper-
ature and also on its brightness phase. At maximum brightness,
a classical RCB star will show easily identifiable features due to
the C2 and CN molecules (Bessell & Wood 1983) and no sign of
hydrogen (Hα or CH), while a hot RCB star presents a spectrum
with many emission lines (Figure 16). During a decline phase,
carbon features are still recognisable but a few emission lines
start to emerge, with the NaI (D) lines being the more promi-
nent one (see the spectra of ES Aql, ASAS-RCB-13 and ASAS-
RCB-19 for examples). A detailed discussion of RCB spectra
during a decline phase can be found in Clayton (1996). The
absence of enhanced 13C is also a characteristic of RCB stars
(Pollard et al. 1994), even if few RCB stars do have detectable
13C: V CrA, V854 Cen, VZ Sgr, and UX Ant have measured
12C/13C <25 (Kilkenny & Marang 1989; Rao & Lambert 2008;
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Hema et al. 2012). We attempted to estimate the abundance of
13C using the 13C12C band-head at 4744 Å, and also the 13CN
band at 6260 Å (Lloyd Evans 1991). For all new RCB stars with
clear carbon features in their spectrum, it was possible to deter-
mine the low content of 13C in their atmosphere. As most of the
new RCB stars found are located in the Galactic bulge, this study
was made difficult by the strong interstellar reddening that limits
the amount of flux in the blue part of the spectrum.
Overall, we systematically followed up spectroscopically
104 stars: 23 of which were revealed to be RCB stars and 2 oth-
ers to be DY Per stars. Their spectra are presented in Figures
11, 14 and 15. The classification of the remaining 81 objects is
given in Tables 5 and 6. The two main families of rejected ob-
jects are the Mira variables and T Tauri stars. Miras present large
photometric variations and a spectrum rich in oxygen. We clas-
sified them using the M giant spectra library provided by Bessell
(1991). T Tauri stars present hydrogen-rich spectra with emis-
sion lines over a large range of temperatures (9 rejected objects
are classified as Orion type objects in the SIMBAD database).
Nine other stars presenting carbon features were not consid-
ered as RCB stars. They were rejected because they presented
clear Hα emission in three cases and/or high abundance of 13C
for the 6 others. The latter group passed the selection criteria
for spectroscopic follow-up because the IR selection criterion,
H − K > 0.7 mag, was intentionally defined so as not to be too
restrictive. They are located in the continuation of the classi-
cal giant branch evolutionary track in the J − H vs H − K dia-
gram inside the selection criteria area of DY Per stars shown in
Figure 3. Their light curves show variations up to 2 mag, but with
no clear signs of a fast decline. As they all present large photo-
metric oscillations of ∼0.8 mag amplitude and their spectra do
not show clear signs of the presence of hydrogen, they should be
considered as DY Per star candidates.
Stars that were considered as RCB candidates in the litera-
ture were also followed up (Clayton 1996; Harrison et al. 1997;
Clayton 2012). We confirmed IRAS 1813.5-2419 and V391 Sct,
but rejected five other stars: BL Cir and GM Ser are Miras, with
the spectral type M6 and M7 respectively; V1773 Oph is an F
star; V1860 Sgr is a giant G6III star; and V2331 Sgr is an S star
that presents weak TiO and CN features, but no ZrO band-head.
Among the 23 new RCB stars, 4 present a spectrum with
many metallic absorption lines, particularly C I, indicating that
their effective temperature is relatively high, Teff > 7500 K.
They are ASAS-RCB -8, -10, -12 and V391 Sct. For the other
new RCBs, one can use the triplet absorption lines due to ionised
calcium (λ ∼ 8498, 8543 and 8662 Å). Indeed, Richer (1971)
shows that the intensity of these lines is a good indicator of car-
bon stars temperature; the cooler the temperature, the weaker the
lines. This could be an important tool as most of the spectra are
strongly reddened, but it should be used with caution as we are
not certain that this observation is applicable to the warmer and
specific carbon stars that are RCBs. In the spectra presented in
Figures 11 and 14, one can separate the 19 remaining RCB stars
into 3 groups of increasing temperature based on the strength of
the Ca-II triplet absorption lines: Weak: ASAS-RCB-4, -5, -13,
-14, -19 ; Moderate: ASAS-RCB-2, -6, -7, -15, -16, -17, -18 and
-21 ; Strong: ASAS-RCB-1, -3, -9, -11, -20 and IRAS 18135-
2419. We also note that the 2 DY Per stars do not present any
Ca-II triplet absorption lines, indicating that they are indeed cool
carbon stars (see Figure 15).
5. Maximum magnitude
The median of the maximum brightness found for the newly de-
tected RCB stars is Vmax,med ∼ 12.5. That is only 1.5 magnitude
brighter than the magnitude limit of the ASAS-3 south survey.
These magnitudes are listed in Table 4. We cannot be certain
that the real maximum optical brightness was reached during the
ASAS-3 survey for 9 RCBs as it lasted less than 20 days. They
are ASAS-RCB-2, -7, -12, -13, -14, -15, -19, -20 and -21. Five
of these (ASAS-RCB-14. -15, -19, -20 and -21) have very few
measurements in their light curves. A further group of five RCBs
(ASAS-RCB-2, -12, -15, -19 and -20) present a high IR excess,
J − K > 4.5 (see table 3 and figure 3), which indicates that they
are in a phase of high dust production activity.
A comparison of the maximum ASAS-3 V magnitudes of the
31 known Galactic RCB stars listed in Table 1 and the 23 new
RCBs is shown in Figure 4, before and after correcting for inter-
stellar extinction. The interstellar extinction AV was calculated
using the Schlegel et al. (1998) E(B − V) reddening map with
4-pixels interpolation and a coefficient RV = 3.1. Interestingly,
the apparent maximum brightness of the new RCBs is fainter on
average than the already known RCBs. After correction for in-
terstellar extinction, however, this difference is strongly reduced
as the new RCBs are affected on average by a stronger inter-
stellar reddening (see Figure 4, top-right). Overall the Galactic
RCBs’ maximum magnitude peaks at VASAS ∼ 9.8 mag which
is within the range expected for RCB stars located at an average
distance of DGC ∼ 8.2 kpc5, the distance of the Galactic centre
(Nataf et al. 2012). Indeed, with an absolute magnitude ranging
between −5 6 MV 6 −3.5 (see Tisserand et al. 2009), RCBs
located at that distance would have an apparent V magnitude be-
tween 9.6 and 11.1 mag.
6. Distribution of Galactic RCB stars
The small number of known RCB stars and the biases af-
fecting their discovery in different surveys have prevented us
from obtaining a clear picture of their true spatial distribution.
Iben & Tutukov (1985) reported a scale height of h ∼ 400 pc
assuming Mbol = −5 and concluded that RCBs are part of an old
disk-like distribution. However, Cottrell & Lawson (1998) noted
that the Hipparcos velocity dispersion of RCB stars is similar to
that of other cool hydrogen-deficient carbon stars and extreme
helium stars, suggesting that RCB stars might have a bulge-like
distribution. Drilling (1986) and Zaniewski et al. (2005) came
to a similar conclusion. Recently, Tisserand et al. (2008) also
found that the majority of Galactic RCB stars seem to be con-
centrated in the bulge but with the surprising peculiarity of be-
ing distributed in a thin disk structure (61 < hRCBbulge < 246 pc,
95% c.l.). In the Large Magellanic Cloud, RCBs are distributed
mostly along the bar (Tisserand et al. 2009, Figure 2).
The growing number of known RCBs allows us to form a
clearer picture of their Galactic distribution. Indeed, their max-
imum apparent magnitude (Section 5) and their spatial distribu-
tion (Figure 1) indicate that Galactic RCB stars do in fact a have
bulge-like distribution.
7. Spectral energy distribution (SED)
We attempted to estimate the photosphere temperature for the
newly found RCBs by fitting simple blackbodies to the series
of optical, infrared and mid-infrared measurements collected by
5 It corresponds to a distance modulus of 14.6 mag.
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Figure 4: Top-left: Distribution of the maximum ASAS-3 V magnitude observed for the known Galactic RCB stars (red, see Table 1)
and the 23 new RCB stars (blue, see Table 4). Bottom-left: Same distribution but corrected for interstellar extinction using the
Schlegel et al. (1998) reddening map and RV = 3.1. (ASAS-RCB-9 was not plotted here as we considered its reddening value to be
overestimated and not valid.) Top-right: Reddening E(B − V) for the two lists of objects.
the following surveys: DENIS (Epchtein et al. 1994), 2MASS
(Skrutskie et al. 2006), WISE (Wright et al. 2010) and IRAS
(Helou & Walker 1988). The observed maximum ASAS V mag-
nitude and the IR DENIS and 2MASS magnitudes that we used
are listed respectively in Tables 4 and 3. RCB star photospheres
are known to have a temperature between 4000 and 8000 K, with
a few hot RCBs having a temperature higher than 10000 K, while
DYPer photospheres have a temperature between 3000 and 3500
K. The spectral energy distribution (SED) of 34 known RCBs are
presented in Tisserand (2012a) and some have had their effective
temperature determined from spectral synthesis analyses applied
to high resolution spectra (see Asplund et al. 2000). RCBs are
warmer than classical carbon-rich stars, which have a tempera-
ture ranging mostly between 2000 and 3000 K. Classical carbon-
rich stars’ SED are described in detail by Bergeat et al. (2001).
The reconstructed SED of the newly discovered RCBs are pre-
sented in Figure 5. Three major issues prevented us from ob-
taining strong constraints on photosphere temperatures: the un-
synchronised measurements, high interstellar extinction and the
unknown real maximum brightness for some of the RCBs.
Indeed, except for ASAS-RCB-2, -10 and -16, the DENIS
and 2MASS epochs (listed in Table 3) were all taken before the
start of the ASAS-3 survey. We do not therefore know the RCBs’
luminosity phase (decline or maximum?) at the time of these IR
observations. This demonstrates the necessity of long-term mon-
itoring. Nevertheless, we attempted to overcome this limitation
by using either the DENIS J and H or the 2MASS J, H and K
magnitudes to construct the SEDs according to four rules:
1. If δJ = J2MASS − JDENIS > 0.2 mag: the epoch during the
2MASS measurements was considered to have been taken
under a higher dust extinction phase than the DENIS mea-
surement. Only the three uncorrected DENIS magnitudes (I,
J and K) were used.
2. If δJ = J2MASS − JDENIS < −0.2 mag: the epoch during the
DENIS measurements was considered to have been taken un-
der a higher dust extinction phase than the 2MASS measure-
ment. The 2MASS J, H and K magnitudes were used as well
as the DENIS I magnitude corrected by a carbon extinction
law (Groenewegen 1995). That is IcorrDENIS = IDENIS − AcarbonI ,
with AcarbonI = 1.66 × A
carbon
J = 1.66 × δJ.
3. If J2MASS and JDENIS agrees within ±0.2 mag, only the
2MASS J, H and K magnitudes were used as well as the
uncorrected DENIS I magnitude.
4. If no DENIS measurements exist, only the 2MASS J, H and
K magnitudes were used.
From Figure 5, it appears clearly that the DENIS and
2MASS measurements of, respectively, ASAS-RCB-12 and
ASAS-RCB-1, -7, -15, -19, -20, IRAS 1813.5-2419 and ASAS-
DYPer-1 were obtained during a decline phase of luminonisity,
when dust clouds obscured the photosphere. We cannot correct
for this effect and therefore did not use these magnitudes to fit
the SED.
The interstellar extinction correction was applied for all
optical and infrared measurements following the reddening
E(B − V) values listed in Table 4. The relative extinction co-
efficients AI/AV, AJ/AV, AH/AV and AK/AV determined by
Cardelli et al. (1989, Table 3) were used. Their values are re-
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spectively 0.479, 0.282, 0.19 and 0.114. The E(B−V) reddening
value listed for ASAS-RCB-9 is overestimated and not valid. We
fitted it to be ∼1.0 mag by assuming the photosphere temperature
to be 5000 K.
As already discussed in section 5, we note that it is uncertain
whether or not the real maximum optical brightness was reached
during the ASAS-3 survey for 9 RCBs. Therefore, the maximum
ASAS V magnitudes used in the SED of ASAS-RCB-2, -7, -12,
-13, -14, -15, -19, -20 and -21 should be considered as a lower
limit.
The results are shown in Figure 5. Our best attempt to fit two
blackbodies over the SED using only convincing measurements
is also presented. Overall, the circumstellar shell temperatures
are well constrained, thanks to the WISE and/or IRAS surveys.
Evidence of shell brightness variation is also visible, especially
for ASAS-RCB-7, -11 and IRAS 1813.5-2419. The errors on
the shell fitted temperatures are in the order of 50 K. The photo-
sphere temperature depends strongly on the extinction correction
applied and on whether or not the measurements were really ob-
tained during a maximum brightness phase. As their respective
spectra show, ASAS-RCB-8, -10 an V391 Sct were found to be
hot RCBs (Teff > 7500 K). Six RCBs, i.e. ASAS-RCB-4, -5, -6,
-11, -16 and -18, appear to have a relatively cool photosphere,
with 4000 < Teff < 5000 K, while another three, i.e. ASAS-
RCB-2, -3 and -17, seem warmer with 5000 < Teff < 6000 K.
Also, as expected, the temperature of both DYPer stars lies be-
tween 3000 and 4000 K. The photosphere temperatures for these
14 stars are considered to be a fair estimate, but we underline that
they are only indicative and should be used with caution. We did
not succeed in determining a consistent temperature estimate for
the eleven remaining RCB stars, i.e. ASAS-RCB-1, -7, -9, -12,
-13, -14, -15, -19, -20, -21 and IRAS 1813.5-2419.
Interestingly, we found that ASAS-RCB-18 was detected by
the IRAS survey at ∼65 µm. This measurement suggests that
there exists a second circumstellar shell of cooler temperature,
∼80±30 K, which may be the remnant of an older evolutionnary
phase.
8. Individual stars
In this section, we discuss each newly discovered RCB and DY
Per star. Their DENIS and 2MASS IR magnitudes are listed
in Table 3 and their recorded ASAS-3 maximum V magni-
tudes are given in Table 4 with an estimation of their reddening.
Unfortunately, the DENIS and 2MASS surveys were completed
at the time when the ASAS-3 south survey started and therefore
we do not know the brightness phase of the 23 new RCB stars
at those epochs. Interestingly, we note that 6 out of the 23 new
RCB stars were already catalogued as carbon stars in the litera-
ture. They are ASAS-RCB-1, -3, -11, -16, -20 and -21.
– ASAS-RCB-1: Also known as V409 Nor, it was classified
for the first time as a carbon star in the cool carbon stars cat-
alogue of Stephenson (1973). It was recently recognized as a
probable RCB star by Kazarovets & Samus (2011). Its spec-
trum shows strong Ca-II absorption lines indicating that it is
a warm RCB star. Only one decline of ∼2 mag is observable
in its ASAS-3 light curve.
– ASAS-RCB-2: Has a high IR excess, with J − K > 4 mag,
indicating the presence of a bright hot circumstellar shell.
It remained fainter than 15th magnitude for more than 3.5
years, between 2001 and 2004.
– ASAS-RCB-3: Also known as CGCS 3744, it was classified
for the first time as a carbon star in the cool carbon stars cat-
alogue of Stephenson (1973). It has also recently been found
to be an RCB star by Miller et al. (2012).
– ASAS-RCB-4: Also known as GV Oph, it has recently been
found to be an RCB star by Miller et al. (2012).
– ASAS-RCB-5: The only newly discovered RCB that has
been monitored during phase 2 of the ASAS survey. The I
band light curve covers a time range between HJD∼2450500
and 2451500, and shows one decline. It reaches a maximum
magnitude of Imax ∼ 10 mag.
– ASAS-RCB-6: Identified as a variable star by Luyten
(1932). Miller et al. (2012) has also found recently that it is
indeed an RCB star. Interestingly, its spectrum shows fea-
tures due to C2 but none due to CN, and weak Ca-II absorp-
tion lines indicating a low effective temperature.
– ASAS-RCB-7: Also known as V653 Sco, it was misclassi-
fied as a Mira star in the General Catalog of Variable Stars
(GCVS). It was reported as a variable star for the first time
by Kukarkin et al. (1971) with a total amplitude larger than
2 mag.
– ASAS-RCB-8: Only one decline was observed during the
10-year long ASAS-3 survey. With 0.003 mag.day−1, the de-
cline rate is about 10 times slower than to classical RCB
stars. Its spectrum is similar to the warm RCB star UX Ant.
– ASAS-RCB-9: Also known as IO Nor, it was recently iden-
tified as an RCB star by Miller et al. (2012). It was misclassi-
fied as a Mira star in the GCVS. We note that ASAS-RCB-9
was identified as a Tycho-2 star having an infrared excess in
the MSX Point Source Catalogue (Clarke et al. 2005). With
Vmax ∼ 10.8 mag, it is the brightest of all the new RCB stars
reported in this article.
– ASAS-RCB-10: Its ASAS-3 light curve shows only one
large and rapid decline of ∼2.5 mag around MJD∼53700
days. Its spectrum is similar to the warm RCB star UX Ant,
but affected by strong dust reddening.
– ASAS-RCB-11: Also known as CGCS 3965, it was clas-
sified for the first time as a carbon star in the cool carbon
stars catalogue of Stephenson (1973). Its ASAS-3 light curve
shows four decline phases in 10 years and some photometric
oscillation at maximum brightness.
– ASAS-RCB-12: It was recently recognized as a probable
RCB star by Kazarovets & Arkhipova (2011). It has a high
IR excess, with J − K > 4 mag, indicating the presence of a
bright hot circumstellar shell. From its ASAS-3 light curve,
ASAS-RCB-12 seems to have been in a decline phase for
more than 5 years and slowly recovered to maximum bright-
ness in ∼2010. Its spectrum shows strong features due to C2
but only very weak features due to CN.
– ASAS-RCB-13: Also known as V581 CrA, it was listed as
a variable star by Kukarkin et al. (1968). It was identified as
a probable RCB star by Tisserand (2012a) because it was
found to be misclassified as a Mira variable in the GCVS,
which did not match its WISE mid-infrared colour. Its spec-
trum shows weak CN features compared to the C2.
– ASAS-RCB-14: Has also been detected by the IRAS satel-
lite. Its ASAS-3 light curve has only a small number of mea-
surements around MJD∼53150 days, when ASAS-RCB-14
was recovering its brightness. It reaches a maximum mag-
nitude of Vmax ∼ 13.2 before undergoing decline for a long
period, indicating a phase of high dust production activity.
– ASAS-RCB-15: Has been identified as a variable star by
Terzan et al. (1997). We found that it has a high IR excess,
with J − K > 4 mag, indicating the presence of a bright
hot circumstellar shell. Its ASAS-3 light curve has only a
small number of measurements showing a recovery phase
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Table 1: Known Galactic RCB stars: ASAS-3 id and variability as observed in the ASAS-3 survey between December 2000 and
October 2009
Name ASAS-3 id Number of Maximum amplitude (mag) Maximum Spectrum
declines ASAS-3 ACVS1.1 brightness date
observed (2000-2009) (Vamp) Vmax (mag) SSO/WiFeS SAAO/Reticon
Galactic
SU Tau J054904+1904.3 3 4.5 9.8
UX Ant J105709-3723.9 3 2.8 12.0 13-12-2010 09-02-1989
UW Cen J124317-5431.7 2 4.2 9.3 30-07-1991
Y Mus J130548-6530.8 none 10.25 17-07-2010 16-06-1990
DY Cen J132534-5414.7 none 13.2 17-07-2010
V854 Cen J143450-3933.5 9 3.9 3.91 7.0 23-07-2011 18-06-1990
S Aps J150924-7203.8 3 4.5 4.61 9.7 17-07-2010 04-08-1989
R CrB J154834+2809.4 1 7.1 7.51 5.8
RT Nor J162419-5920.6 1 2.0 0.19 10.1 23-07-2011 17-05-1990
RZ Nor J163242-5315.6 4 3.2 0.63 10.3 a 04-08-1991
V517 Oph J171520-2905.6 8 3.0 1.30 11.4 23-07-2011 29-06-1989
V2552 Oph J172315-2252.0 3 3.1 2.23 10.9 17-07-2010
23-07-2011
V532 Oph J173243-2151.6 3 3.0 11.8
OGLE-GC-RCB-2 J175357-2931.7 1 0.7 0.83 12.6 b
EROS2-CG-RCB-3 J175829-3051.3 none 14.0 c
V1783 Sgr J180450-3243.2 1 3.3 2.61 10.7 16-07-2010 31-08-1994
WX CrA J180850-3719.7 2 3.5 1.94 10.5 17-07-2010 17-08-1993
V739 Sgr J181311-3016.2 none 12.9 16-07-2010 13-06-1990
V3795 Sgr J181325-2546.9 1 1.2 1.20 11.0 16-07-2010 10-06-1994
VZ Sgr J181509-2942.5 2 4.3 1.12 10.3 17-07-2010 10-06-1994
RS Tel J181851-4632.9 4 3.4 0.22 9.85 16-07-2010 10-06-1994
GU Sgr J182416-2415.4 2 4.2 10.4 23-07-2011 11-06-1994
V348 Sgr J184020-2254.5 6 3.0 12.2 15-07-2010
MV Sgr J184432-2057.2 none 13.5 15-07-2010
FH Sct J184515-0925.5 3 2.0 1.02 12.5 24-07-2011 29-06-1989
V CrA J184732-3809.6 1 2.8 0.54 9.7 23-07-2011 11-06-1994
SV Sge J190812+1737.7 2 2.3 2.62 10.5 24-07-2011
V1157 Sgr J191012-2029.7 9 2.8 2.17 11.5 15-07-2010 30-08-1994
24-07-2012
RY Sgr J191633-3331.3 2 6.0 6.3 15-07-2010 17-06-1990
ES Aql J193222-0011.5 10 3.2 2.05 11.65 24-07-2011
U Aqr J220320-1637.6 2 3.8 2.41 11.2 15-07-2010 16-06-1990
a RZ Nor was in a decline phase during our observation. It is worth mentioning that there exists a nearby
A star (V∼15 mag). The presence of this blue star explains the unexpected change of colour in RZ Nor during a decline.
b See Tisserand et al. (2011). c See Tisserand et al. (2008).
Note 1: DY Per, XX Cam, Z UMI, NSV 11154, V482 Cyg and UV Cas are outside the sky area monitored by the ASAS-3 south survey.
Note 2: The 17 following known Galactic RCBs are too faint to have been catalogued and monitored by the ASAS-3 south survey:
MACHO-135.27132.51, -301.45783.9, -308.38099.66 and -401.48170.2237 from Zaniewski et al. (2005),
EROS2-CG-RCB-1 and -4 to -14 from Tisserand et al. (2008) and OGLE-GC-RCB-1 from Tisserand et al. (2011).
followed by a decline around MJD∼54550 days. It reaches a
maximum magnitude of Vmax ∼ 14.3 mag. ASAS-RCB-15
demonstrates the success of this study in extending the limits
of detectability.
– ASAS-RCB-16: Also known as CGCS 3790, it was classi-
fied for the first time as a carbon star in the cool carbon stars
catalogue of Stephenson (1973). It was also identified as a
variable star by Plaut (1968). We can be confident that we
measured its real maximum magnitude, Vmax ∼ 12.8 mag, as
it lasted about 1000 days.
– ASAS-RCB-17: Was already identified as a variable star by
Terzan et al. (1982). One fast decline of ∼1.2 mag is observ-
able on its ASAS-3 light curve at MJD∼52700 days. We can
be confident that we measured its real maximum magnitude,
Vmax ∼ 13.1 mag, as it lasted about 700 days.
– ASAS-RCB-18: Its ASAS-3 light curve presents few varia-
tions with an amplitude of ∼1 mag, but remains overall rela-
tively stable as it does not undergo large decline phases. We
selected this star for spectroscopic follow-up because of the
fast decline observed at MJD∼53600 days. It was selected
in the first place because of its mid IR WISE colours and
2MASS IR excess indicating the presence of a hot circum-
stellar shell. It has also been detected by the IRAS survey.
The measurement at ∼65 µm suggests that there exists a cold
remnant around ASAS-RCB-18 that may be related to an old
evolutionary phase. A ∼80±30 K blackbody was fitted to this
star (see Figure 5).
– ASAS-RCB-19: Also known as NSV 11664, it was identi-
fied as a variable star by Hoffmeister (1966). It has a high
IR excess, with J − K > 4 mag, indicating the presence of a
bright hot circumstellar shell.
– ASAS-RCB-20: Also known as PT Aql, it was already iden-
tified as a carbon star by Guglielmo et al. (1993). It was mis-
classified as a Mira star in the GCVS. We note that it has a
high IR excess, with J − K > 4.5 mag, indicating the pres-
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Table 2: Newly discovered and confirmed RCB and DY Per stars
Name ASAS-3 Coordinates Other Spectrum Found with
id (J2000) names date analysis?a
ASAS-RCB-1 J154425-5045.0 15:44:25.08 -50:45:01.2 V409 Nor, CGCS 3628 15-07-2010 A,B
ASAS-RCB-2 J164124-5147.8 16:41:24.74 -51:47:43.4 IRAS 16375-5141 15-07-2010 A,C,D
ASAS-RCB-3d J165444-4926.0 16:54:43.60 -49:25:55.0 CGCS 3744, IRAS 16509-4921 15-07-2010 A,B,C,D
17-07-2010
ASAS-RCB-4d J170542-2650.0 17:05:41.25 -26:50:03.4 GV Oph 15-07-2010 A,B,C,D
ASAS-RCB-5 J175226-3411.4 17:52:25.50 -34:11:28.2 IRAS 17491-3410 15-07-2010 A,B,C,D
17-07-2010
ASAS-RCB-6d J203005-6208.0 20:30:04.96 -62:07:59.2 AN 141.1932 28-11-2009 A,B,C,D
12-12-2010
25-07-2011
ASAS-RCB-7c J174916-3913.3 17:49:15.66 -39:13:16.6 V653 Sco 15-07-2010 A,D
ASAS-RCB-8 J190640-1623.9 19:06:39.87 -16:23:59.2 15-07-2010 A
ASAS-RCB-9c,d J162229-4835.9 16:22:28.83 -48:35:55.8 IO Nor 15-07-2010 B,C,D
ASAS-RCB-10 J171710-2043.3 17:17:10.22 -20:43:15.8 TYC 6245-382-1 15-07-2010 B,C,D
ASAS-RCB-11 J181204-2808.6 18:12:03.70 -28:08:36.2 CGCS 3965, IRAS 18089-2809 15-07-2010 B,C,D
ASAS-RCB-12 J170102-5015.6 17:01:01.41 -50:15:34.9 NSV 8092 20-07-2011 B,C,D
ASAS-RCB-13c J182443-4524.7 18:24:43.46 -45:24:43.8 V581 CrA 10-05-2012 D
ASAS-RCB-14 J164729-1525.3 16:47:29.74 -15:25:22.92 IRAS 16446-1520 06-06-2012 C,D
ASAS-RCB-15 J170827-3226.8 17:08:27.19 -32:26:49.56 Terz V 3526 06-06-2012 C,D
ASAS-RCB-16 J171414-2126.1 17:14:14.45 -21:26:13.74 CGCS 379, IRAS 17112-21220 06-06-2012 C,D
ASAS-RCB-17 J171744-2937.9 17:17:44.49 -29:38:00.14 Terz V 21 06-06-2012 C,D
ASAS-RCB-18 J190009-0202.9 19:00:09.44 -02:02:57.88 IRAS 18575-0207 07-06-2012 C,D
ASAS-RCB-19 J190133+1456.1 19:01:33.68 +14:56:09.61 NSV 11664, IRAS 18592+1451 07-06-2012 D
01-08-2012 D
ASAS-RCB-20 J195343+1441.1 19:53:43.15 +14:41:09.34 PT Aql, IRAS 19513+1433 01-08-2012 D
ASAS-RCB-21 J185841-0220.2 18:58:41.80 -02:20:11.30 CGCS 6764, IRAS 18560-0224 23-07-2012 D
Other RCB stars spectroscopically confirmed
IRAS 1813.5-2419b 181639-2418.7 18:16:39.20 -24:18:33.4 OGLE-II DIA BUL-SC13 17058 17-07-2010
V391 Sct 182807-1554.9 18:28:06.61 -15:54:44.1 15-07-2010
10-05-2012
DY Per stars
ASAS-DYPer-1 091802-5402.5 09:18:01.59 -54:02:27.4 V487 Vel 17-07-2010
11-12-2010
ASAS-DYPer-2 122658-6824.3 12:26:57.96 -68:24:15.0 CGCS 3238 28-11-2009
12-12-2010
a These new RCBs were discovered using analysis A, B, C and/or D. See the text for details on each.
b URL: http://ogledb.astrouw.edu.pl/∼ogle/photdb/getobj.php?field=BUL SC13&starid=17058&db=DIA&points=good
c Also reported as RCB stars by Tisserand (2012a) ; d Also reported as RCB stars by Miller et al. (2012)
ence of a bright hot circumstellar shell. It has also been de-
tected by the IRAS satellite.
– ASAS-RCB-21: Was already identified as a carbon star by
Soyano & Maehara (1990). It has strong NaI (D) emission
lines indicating that its spectrum was taken during a decline
phase. Only one rapid recovery phase is observable on its
ASAS-3 light curve at the end of the survey, MJD∼55000
days. Due to the quality of its spectrum and the number of
measurements in its ASAS-3 light curve (Dmax ∼ 1 mag), we
consider that ASAS-RCB-21 requires further confirmation
that it is indeed an RCB star. We note that it is not visible on
all the plates from the USNO survey and that it has also been
detected by the IRAS satellite.
– IRAS 1813.5-2419: Was proposed as an RCB candidate by
Greaves (2007), due to the large declines observed in its
OGLE-II light curve.
– V391 Sct: Although listed as a variable star by Maffei
(1975), it has been mis-classified as a cataclysmic variable.
V391 Sct is a warm RCB similar to RY Sgr, according to its
spectrum. It was originally classified as a dwarf nova (mag
= 17-13). Its ASAS-3 light curve shows that V391 Sct was
photometrically stable between 2001 and 2010, with V∼13
mag. Plate analysis shows that it was very faint in 1952 and
1963 (Brian Skiff, private discussion) .
– ASAS-DYPer-1: Was first classified as a carbon star by
Westerlund (1971). Its ASAS-3 light curve shows a recov-
ery phase of ∼3.8 mag followed by large amplitude oscilla-
tions (∼0.8 mag peak to peak). We note also that the 13C12C
band-head at 4740 Å indicates that the atmosphere of ASAS-
DYPer-1 is rich in 13C. This star was classified as a possi-
ble RCB star in the GCVS. We note also that we observed
ASAS-DYPer-1 to have a circumstellar shell with a rela-
tively cold temperature of ∼500 K (see Figure 5). That is the
coldest shell recorded for a DYPer star. Finally, we note that
with K∼3.2 mag, ASAS-DYPer-1 is at least 1.2 mag brighter
that the prototype DY Per star, DY Persei.
– ASAS-DYPer-2: Was first classified as a carbon star in the
cool carbon stars catalogue of Stephenson (1973). A small
CH (G band) absorption line is observable, which indi-
cates that some hydrogen is present. Its ASAS-3 light curve
presents only a small symmetric decline of ∼1.4 mag.
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Table 3: DENIS and 2MASS magnitudes
DENIS 2MASS
Name I σI J σJ K σK Epocha J σJ H σH K σK Epoch
MJD MJD
ASAS-RCB-1 12.82 0.06 9.91 0.04 7.18 0.07 51276.7998 8.83 0.03 7.70 0.05 6.58 0.01 51341.6356
13.19 0.02 10.23 0.04 7.39 0.07 51268.8477
ASAS-RCB-2 10.08 0.03 8.24 0.09 6.38 0.11 52008.7504 12.45 0.02 9.74 0.02 7.59 0.01 51347.6877
12.05 0.02 9.58 0.06 6.92 0.08 51655.8479
ASAS-RCB-3 8.43 0.01 7.91 0.02 7.48 0.02 51701.5563
ASAS-RCB-4 11.09 0.10 10.18 0.11 9.13 0.12 51730.6392 10.01 0.02 9.28 0.02 8.46 0.02 51004.6576
9.94 0.03 8.91 0.05 7.96 0.08 51749.5922
ASAS-RCB-5 11.58 0.06 9.55 0.11 7.67 0.08 51405.5699 8.38 0.02 7.59 0.05 6.82 0.01 51040.4850
ASAS-RCB-6 15.82 0.06 14.37 0.13 11.89 0.11 51003.7462 11.73 0.02 11.20 0.02 10.40 0.02 51701.8785
ASAS-RCB-7 12.15 0.02 10.81 0.02 9.35 0.02 51764.4863
ASAS-RCB-8 10.20 0.04 9.89 0.06 9.55 0.07 51745.7379 10.00 0.02 9.85 0.02 9.72 0.02 51761.5412
ASAS-RCB-9 9.10 0.04 6.90 0.09 5.40 0.13 51387.5397 7.26 0.02 6.47 0.02 5.74 0.01 51347.5414
8.98 0.05 7.13 0.08 5.45 0.15 51395.4921
ASAS-RCB-10 10.70 0.07 9.92 0.09 9.44 0.09 52048.7917 9.62 0.02 9.28 0.02 8.80 0.02 51305.7354
ASAS-RCB-11 9.09 0.01 8.42 0.02 7.77 0.02 51816.5014
ASAS-RCB-12 14.50 0.05 12.26 0.08 9.14 0.07 51645.8802 13.97 0.03 11.41 0.03 9.35 0.02 51355.5598
14.01 0.04 11.91 0.07 9.05 0.06 51653.8495
ASAS-RCB-13 7.61 0.01 6.62 0.03 5.54 0.01 51316.8659
ASAS-RCB-14 11.90 0.02 10.17 0.07 7.88 0.06 51394.5565 10.20 0.02 9.06 0.02 7.85 0.01 51294.7585
ASAS-RCB-15 14.29 0.03 11.64 0.02 9.56 0.02 51005.6696
ASAS-RCB-16 10.68 0.04 52071.6501 9.78 0.02 9.04 0.02 8.48 0.02 51415.5321
10.81 0.04 9.39 0.07 8.26 0.25 51754.5688
ASAS-RCB-17 12.94 0.02 10.86 0.05 9.15 0.06 51334.7639 9.55 0.02 8.93 0.02 8.39 0.02 51006.5688
ASAS-RCB-18 10.96 0.02 8.99 0.07 7.39 0.07 51751.6073 8.90 0.02 8.17 0.04 7.36 0.02 51706.6558
ASAS-RCB-19 15.30 0.05 12.41 0.02 9.99 0.02 50641.8467
ASAS-RCB-20 15.31 0.05 12.41 0.03 >9.95 50941.9517
ASAS-RCB-21 8.91 0.02 7.75 0.03 6.51 0.02 51703.6733
IRAS1813.5-2419 11.53 0.03 9.73 0.06 8.02 0.07 51342.7916 10.82 0.05 9.75 0.05 8.63 0.03 51816.5180
V391 Sct 11.83 0.02 10.53 0.07 9.77 0.13 51001.6767 10.43 0.03 9.80 0.04 9.04 0.03 51365.6109
DY Per stars
ASAS-DYPer-1 9.25 0.03 5.55 0.07 3.79 0.08 51544.6687 5.75 0.02 4.12 0.24 3.18 0.28 51550.8476
ASAS-DYPer-2 9.43 0.04 7.63 0.06 5.82 0.09 51236.8090 7.64 0.02 6.52 0.03 5.98 0.02 51922.8383
a We note that the epochs listed in the DENIS catalogue are not reliable: we used the epoch listed in the headers of the original images.
9. Discussion
Four different analyses were applied to find new RCB stars in the
entire ASAS-3 south dataset, using the ACVS1.1 variable cata-
logue and the entire ASAS-3 south source catalogue, and by di-
rectly interrogating the ASAS-3 light curve database. Candidates
were pre-selected by requiring both IR excesses and large light
curve variations. The final check was a visual inspection of the
light curve. Only 4 of the 21 new RCBs were discovered in all
four analyses and 3 were found by only one analysis: the warm
RCB ASAS-RCB-8 by Analysis A, and ASAS-RCB-13 and -19
by Analysis D.
The two classic analyses (A and B), which used criteria
based on light curve variability, were limited by the magnitude
cutoff of the ASAS-3 survey (Vlim ∼ 14 mag). Indeed, the de-
tection efficiency was less for fainter RCBs (V > 12 mag) as no
margin was left to detect large declines.
The most efficient method proved to be Analysis D. In this
method, the light curves of candidates pre-selected by Tisserand
(2012a) using their 2MASS and WISE IR colours, and the subse-
quent list using the WISE all-sky data release (Tisserand 2012b),
were downloaded directly through the ASAS-3 database. As
a result, 17 of the 19 new RCBs were discovered. This con-
firms the high success rate that can be obtained by searching
for new RCB stars using only near- and mid- IR photometry
pre-selection. Two out of these 17 RCBs were not catalogued
in both ASAS-3 catalogues used, which highlights one limita-
tion of using optical source catalogues to search for RCBs. Such
catalogues are limited by the epochs chosen to make the refer-
ence images and the number of measurements in the light curve
used to validate an object. However, we note that the light curves
of these two RCBs were available on the web interface, meaning
that they were indeed catalogued at one stage and consequently
monitored. This also suggests that some RCBs may still remain
undetected among the ASAS-3 images. Only careful source de-
tection, performed on each individual image, can resolve this
potential issue.
Overall, the analyses undertaken were useful in finding new
RCBs. Together, they achieve a high detection efficiency over
a large range of RCB parameters such as luminosity, tempera-
ture, dust production activity and shell brightness. Using the al-
ready known or newly spectroscopically confirmed bright RCBs
listed in tables 1 and 4, it is possible to estimate an overall de-
tection efficiency of ∼90% for RCBs brighter than V∼13. The
remaining 10% are missing mainly due to the fact that some of
the bright RCBs did not show any declines on their respective
ASAS-3 light curves (i.e., Y Mus, V739 Sgr and IRAS 1813.5-
2419). This demonstrates the need for long baseline photometric
monitoring.
The analysis recently published by Miller et al. (2012) is a
promising method of finding RCB stars in future large scale
monitoring surveys. Miller et al. (2012) analysed the light curves
of each object listed in the ACVS1.1 catalogue using a machine-
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Table 4: Variability of the newly discovered and confirmed RCB stars
Name Galactic coordinates Number of declines VASAS,max E(B − V)a AV (using RV ∼ 3.1)
l (deg) b (deg) observed (mag) (mag)
ASAS-RCB-1 328.66525 3.27132 1 11.9 1.36 4.22
ASAS-RCB-2 334.43866 -3.58426 3 11.8⋆ 0.80 2.48
ASAS-RCB-3 337.61260 -3.68098 2 11.8 0.89 2.76
ASAS-RCB-4 356.81951 8.49585 3 11.9 0.32 0.99
ASAS-RCB-5 356.23379 -3.94349 5 12.3 0.81 2.51
ASAS-RCB-6 334.26108 -35.21748 1 13.0 0.05 0.16
ASAS-RCB-7 351.55769 -5.94405 4 12.5⋆ 0.42 1.30
ASAS-RCB-8 19.86093 -10.68582 1 10.9 0.20 0.62
ASAS-RCB-9 334.70421 0.81022 5 10.8 5.56 > 5b
ASAS-RCB-10 3.41300 9.87397 1 11.4 0.61 1.89
ASAS-RCB-11 3.58229 -4.64083 4 11.8 0.52 1.61
ASAS-RCB-12 337.59120 -4.99059 1 11.7⋆ 0.57 1.77
ASAS-RCB-13 349.02823 -14.60072 6 9.9⋆ 0.07 0.22
ASAS-RCB-14 3.67329 18.68830 2 12.5⋆ 0.55 1.71
ASAS-RCB-15 352.63077 4.68055 2 14.2⋆ 0.58 1.80
ASAS-RCB-16 2.42136 10.03462 4 12.8 0.76 2.36
ASAS-RCB-17 356.08809 4.70730 3 13.1 0.92 2.85
ASAS-RCB-18 32.10038 -2.87384 3 13.6 1.05 3.26
ASAS-RCB-19 47.38762 4.56290 2 13.5⋆ 0.77 2.39
ASAS-RCB-20 53.19579 -6.63163 1 12.7⋆ 0.25 0.78
ASAS-RCB-21 31.67823 -2.67951 3 12.8⋆ 1.21 3.75
IRAS 1813.5-2419 7.45702 -3.73148 0 12.6 1.48 4.59
V391Sct 16.14758 -2.18048 0 13.25 1.95 6.05
ASAS-DYPer-1 274.77401 -3.27644 1 9.4 0.89 2.76
ASAS-DYPer-2 300.67291 -5.63982 1 11.95 0.33 1.02
a From Schlegel et al. (1998) with 4 nearest pixels interpolation.
b The Schlegel et al. (1998) reddening estimate is overestimated in high-extinction areas (see Tisserand et al. 2008, Fig.6).
⋆ Not confident that real maximum magnitude reached during ASAS-3 observations.
learned algorithm to classify objects and applied a hard cut on
the probability that an object belongs to the RCB class. After the
spectroscopic follow-up of their candidates they found 4 new
RCBs, which we also found, namely ASAS-RCB-3, -4, -6 and -
9. It would be very interesting to re-apply their analysis to the en-
tire ASAS-3 south dataset, and also to the ASAS-north dataset.
It is hoped that the newly discovered RCBs reported in this arti-
cle may help to tighten the constraints of their method. We note
that detection efficiency will also be substantially increased if
the 2MASS and WISE colours are added as parameters, as they
reveal the typical warm RCB’s circumstellar shell.
10. Summary
We discovered 21 new RCB stars and 2 new DY Per stars in the
ASAS-3 south datasets, and spectroscopically confirmed 2 pre-
viously known RCB candidates, IRAS 1813.5-2419 and V391
Sct. The total number of confirmed RCB stars is now 76 in our
Galaxy and 22 in the Magellanic Clouds. We used the ASAS-
3 ACVS1.1 variable stars and the ASAS-3 south source cata-
logues, but also directly interrogated the ASAS-3 light curve
database for candidates that were not listed in either of them.
Indeed, the search for RCB stars in an optical dataset is made dif-
ficult by the sudden declines in brightness that may last for some
weeks or for some years. RCB stars cannot therefore automati-
cally be listed in the reference source catalogue. Furthermore,
we note that 5 of the newly discovered RCB stars (ASAS-RCB-
2, -12, -15, -19 and -20) have a high IR excess with J − K > 4.5
mag. This indicates that there exists a population of RCB stars
with a very dense circumstellar shell and high dust production
activity, which is confirmed by their light curves. We also note
that ASAS-RCB-14, -15, -19, -20 and -21 have only between
10 and 50 measurements in their respective ASAS light curves.
Additional photometric follow-up will be needed for these five
RCBs in order to detect more aperiodic fast declines and to def-
initely confirm their nature.
We have demonstrated that the use of the 2MASS and WISE
IR catalogues is of great value in the selection of RCB candi-
dates. The search for RCB stars can indeed be undertaken in-
dependently of optical monitoring surveys, without losing much
detection efficiency (∼10%). The more time-consuming optical
light curve analysis targeting large fast declines in brightness,
has the sole advantage of recovering the warmest RCB stars that
would otherwise be missed by the IR selections.
To confirm new RCB stars, it is at this stage still necessary
to obtain a long-term light curve showing a drop in brightness
as the photosphere is obscured and at least a spectrum indicat-
ing an atmosphere with a high carbon content and a hydrogen
deficiency. However, we are working toward criteria that would
confirm an RCB star based on an infrared excess that indicates an
ongoing dust production, and spectroscopic characteristics such
as the 12C/13C isotopic relative abundance and the C2/CN ratio
(Morgan et al. 2003). These criteria have not yet been clearly
defined. The task is complicated by the RCBs’ large range of
effective temperature (between 4000 and 8000 K), and their di-
verse atmospheric abundances (Jeffery et al. 2011). For instance,
V854 Cen shows strong Balmer lines and a few RCB stars do
have detectable 13C. The stars V CrA, V854 Cen, VZ Sgr, and
UX Ant have measured 12C/13C <25 (Kilkenny & Marang 1989;
Rao & Lambert 2008; Hema et al. 2012).
In conclusion, we estimate that the overall detection effi-
ciency of our search for RCB stars among the entire ASAS-3
south dataset is about 90% for RCBs brighter than V∼13. It is
still too early to estimate the total number of RCB stars that exist
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Table 5: Nature of the other ASAS objects spectroscopically followed up and rejected as RCB or DY Per candidates.
ASAS-3 id Coordinates (J2000) (from ASAS) SIMBAD name Nature of the object
014428+0536.6 01:44:28 +05:36:36 TYC 35-752-1 K4III
020504+1925.4 02:05:04 +19:25:24 SW Ari Mira, M6
020653+1517.7 02:06:53 +15:17:42 TT Ari A star + H, HeI, CaII emission
030615-3942.5c 03:06:15 -39:42:30 Mira, M6
035412+1810.3 03:54:12 +18:10:18 IRAS 03513+1801 Mira, M8
040907-0914.2 04:09:07 -09:14:12 EV Eri C* (Strong 13C at 4744 angs)
042841+2150.6 04:28:41 +21:50:36 IRAS 04257+2144 Mira, M6
043547+2250.4 04:35:47 +22:50:24 HQ Tau A star reddened + Hα em.
045331+2246.5 04:53:31 +22:46:30 CGCS 808 C* (Strong 13C at 4744 angs)
050430-0347.2 05:04:30 -03:47:12 UX Ori A7V + Hα em.
050500+0856.1 05:05:00 +08:56:06 C* (Hα emission)
051314-0844.9 05:13:14 -08:44:54 F8III
052114+0721.3 05:21:14 +07:21:18 V1368 Ori C* (Strong 13C at 4744 angs)
053302+1808.0 05:33:02 +18:08:00 IRAS 05301+1805 C* (Strong 13C at 4744 angs)
053625-6941.5 05:36:25 -69:41:30 TYC 9167-592-1 K2III + H, OI, CaII emission
053659-0609.3 05:36:59 -06:09:18 HD 37258 A3V + Hα em.
053713-0635.0 05:37:13 -06:35:00 BF Ori A7III + Hα em.
053931+2622.5 05:39:30 +26:22:30 RR Tau A star reddened + Hα, CaII em.
054012-0942.2 05:40:12 -09:42:12 V350 Ori A7V + Hα em.
054339-0504.1 05:43:39 -05:04:00 DM Ori G star reddened + Hα em.
054635+2538.1 05:46:35 +25:38:06 CGCS 1049 C* (Strong 13C at 4744 angs)
055343-1023.9 05:53:43 -10:24:00 V1818 Ori A star reddened + Hα, CaII em.
062348-2051.5 06:23:48 -20:51:30 TYC 5946-114-1 G0III + Hα em.
064107+1026.7 06:41:07 +10:26:42 SS Mon K7V + Hα em., PMS?
064854-4249.4 06:48:54 -42:49:24 IRAS 06473-4246 Mira M9
070615-1904.4 07:06:15 -19:04:24 A0V + Hα em.
070813-1036.0a 07:08:13 -10:36:00 ALS 181 A star reddened
071204+2706.3 07:12:04 +27:06:18 TYC 1904-1095-1 Mira, M6
071839-0117.0 07:18:39 -01:17:00 C* (Hα emission)
072221-5049.4 07:22:21 -50:49:24 NY Pup Mira, M6
072419+0912.6 07:24:19 +09:12:30 GSC 00764-00509 Giant, G? reddened
075752-0916.0 07:57:52 -09:16:00 IRAS 07554-0907 C* (Hα, Hβ, Hγ + Hδ em.)
081204-2002.4 08:12:04 -20:02:24 V535 Pup C* (Strong 13C at 4744 angs)
081447-4441.6 08:14:47 -44:41:36 TYC 7672-563-1 G0III + Hα em.
083236-3759.0 08:32:36 -37:59:00 FX Vel A3III + Hα, CaII, OI, OIII em.
095221-4329.7c 09:52:21 -43:29:42 TYC 7706-560-1 Mira, M6
100731-0918.1 10:07:31 -09:18:06 BD-08 2852 M3III
110204-6209.7 11:02:04 -62:09:42 V802 Car F2III
110815-7733.9 11:08:15 -77:33:54 HP Cha K7V + Hα em., PMS?
111846-5612.6a 11:18:46 -56:12:36 A7V
120729+0036.9 12:07:29 +00:36:54 K2III + Hα P-cygne em.
122112-4912.7 12:21:12 -49:12:42 SX Cen B5III
133504-6345.9 13:35:04 -63:45:54 TYC 8999-807-1 F0III + Hα em.
141600-6153.9 14:16:00 -61:53:54 V417 Cen F6V reddened + Hα em.
144959-6920.9 14:49:59 -69:20:54 BL Cir Mira, M6
150323-6323.0 15:03:23 -63:23:00 DG Cir A star + nebulae
152008-6148.5 15:20:08 -61:48:24 F6V + Pcygne Hα
152604-7004.0 15:26:04 -70:04:00 IRAS 15211-6953 Mira, M7
153213-2854.3 15:32:13 -28:54:18 BX Lib K7.5III + Hα em.
155517-2924.6c 15:55:17 -29:24:36 V1317 Sco Mira, M6
164557-4330.1 16:45:57 -43:30:06 G0III + Hα P-cygne em.
165449-4032.8 16:54:49 -40:32:48 F8V
165452-3037.3c 16:54:52 -30:37:18 CL Sco Symbiotic star with M giant, M4
165750-3234.7c 16:57:50 -32:34:42 EW Sco Mira, M6
17:17:22 -20:22:38 V1773 Oph F2III, binary?
172109-4644.1c 17:21:09 -46:44:06 IRAS 17174-4641 Mira, M7
173540+1535.2 17:35:40 +15:35:12 MW Her Mira, M10
173708-4708.1 17:37:08 -47:08:00 M0III
173729-3743.4 17:37:29 -37:43:24 F8IV reddened
174600-2321.2c 17:46:00 -23:21:12 F0I reddened
175013-0642.5c 17:50:13 -06:42:30 Oph 1898 K7III + H, HeI, CaII, OI em. (Nova)
175335-3805.0 17:53:34 -38:05:00 V383 Sco Blend F8I + M6(I to III) + Hα em.
180204-2337.7 18:02:04 -23:37:42 V5097 Sgr Wolf Rayet, WC9 + 2 mag. declines
18:08:36 -15:04:00 GM Ser Mira, M7
181448-1840.3a,b 18:14:48 -18:40:18 2MASS J18144821-1840219 F0I reddened + Hα em.
a The ASAS light curves of these objects show some variability that are certainly not real but due to some photometric systematics.
Nevertheless, we followed-up these objects for completeness in our study.
b The star that was followed-up spectroscopically is 2MASS18144821-1840219. This is the star selected by our IR colour criteria.
c These ASAS objects were selected from the criteria defined to search for DY Per stars (see Sect. 3.4) .
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Table 6: Nature of the other ASAS objects spectroscopically followed up and rejected as RCB or DY Per candidates (continued).
ASAS-3 id Coordinates (J2000) (from ASAS) SIMBAD name Nature of the object
181706-2358.0 18:17:06 -23:58:00 V2331 Sgr SC star (weak TiO and weak CN)
182128-2445.1 18:21:28 -24:45:06 V1860 Sgr G6III reddened
182253-2336.9 18:22:53 -23:36:54 NSV 10706 G5IV
182502-2308.0 18:25:02 -23:08:00 V3816 Sgr G5III
182715-2511.9 18:27:15 -25:11:54 Mira, M7
182726-0434.8 18:27:26 -04:34:48 2MASS J18272608-0434473 G5III reddened + Hα em.
182848+0008.7 18:28:48 +00:08:42 VV Ser A5V reddened + Hα em.
190740-1535.0 19:07:40 -15:35:00 TYC 6283-1454-1 Mira, M6
190842-4322.1 19:08:42 -43:22:06 Mira, M8
192613+0501.5 19:26:13 +05:01:30 M0I + Hα em., No MgI,NaI,CaII lines
194714+1929.3 19:47:14 +19:29:18 RZ Vul G5III reddened
195538-0018.7 19:55:38 -00:18:42 V560 Aql Mira, M9
200055+2305.7 20:00:55 +23:05:42 CF Vul G?III + weak carbon features
201519+2603.6 20:15:19 +26:03:36 EF Vul G8V + Hα em.
in our Galaxy and therefore their formation rate. More searches
at fainter magnitudes are needed to increase the sample and to
get a better picture of the RCB population. However, we found
that the Galactic RCB spatial distribution and apparent magni-
tudes now clearly indicate that RCBs have a bulge-like distribu-
tion and are therefore, as expected, an old population of stars.
The high interstellar extinction toward the Galactic bulge pre-
vents the detection of more RCBs. This region is exactly where
most remaining undetected Galactic RCBs are to be found.
Numerous of those RCB stars should be detected by the
ESA’s mission Gaia, to be launched in 2013. For 5 years, Gaia
will scan the whole sky with a magnitude limit of V∼20 mag
and issue near real-time alerts on RCB-type anomalies, provid-
ing both light curves and low-resolution spectroscopy for im-
proved objects classification (Wyrzykowski et al. 2012).
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Figure 5: Best attempts to reconstruct the spectral energy distribution of the 23 new RCB stars and the 2 new DY Pers. This task
was made difficult by high interstellar extinction and by the fact that the series of optical and infrared measurements were not taken
at the same time and therefore not at the same brightness phase (decline or maximum?). See section 7 for more details. The red dots
represent the extinction-corrected optical and infrared measurements: the maximum V magnitude as observed on the ASAS light
curve (Table 4), the DENIS I measurement and the infrared 2MASS J, H and K or the DENIS J and K magnitudes. The blue and
black dots correspond respectively to the WISE and IRAS measurements. The blackbody of the photosphere is represented with
dashed lines, while the dotted lines represent the best fit found with one or two circumstellar shells added. The temperatures of these
simple blackbodies are listed for each star (top: photosphere, bottom: shell). If the photospheric temperature is indicated between
square brackets, the related blackbody was added only for representation as there are no convincing measurements to constrain the
fit.
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11 ASAS−RCB−4 = ASAS J170542−2650.0





11 ASAS−RCB−5 = ASAS J175226−3411.4





11 ASAS−RCB−6 = ASAS J203005−6208.0


























11 ASAS−RCB−10 = ASAS J171710−2043.3





11 ASAS−RCB−11 = ASAS J181204−2808.6





11 ASAS−RCB−12 = ASAS J170102−5015.6





Figure 7: ASAS-3 light curves of ASAS-RCB-7 to -12 (ASAS measurement grade A, B or C).
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11 ASAS−RCB−16 = ASAS J171414−2126.1





11 ASAS−RCB−17 = ASAS J171744−2937.9





11 ASAS−RCB−18 = ASAS J190009−0202.9










11 ASAS−RCB−19 = ASAS J190133+1456.1





11 ASAS−RCB−20 = ASAS J195343+1441.1
HJD − 2,450,000.0 (days)





11 ASAS−RCB−21 = ASAS J185841−0220.2





Figure 9: ASAS-3 light curves of ASAS-RCB-19 to -21 (ASAS measurement grade A, B or C).
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Figure 10: ASAS-3 light curves of ASAS-DYPer-1 and -2 (ASAS measurement grade A, B or C).
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Figure 11: Spectra of the 21 new RCB stars found by the analyses of the ASAS-3 catalogues, using the SSO/2.3m/WiFeS spectro-
graph.
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Figure 12: Spectra of 21 already known RCB stars observed with the SSO/2.3m/WiFeS spectrograph.
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Figure 13: Spectra of 20 already known RCB stars from 3600 to 5400 Å using the SAAO/1.9m/Reticon/Unit spectrograph.
Figure 14: Spectra of IRAS 1813.5-2419 and V391 Sct observed with the SSO/2.3m/WiFeS spectrograph.
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Figure 15: Spectra of ASAS-DYPer-1 and -2 observed with the SSO/2.3m/WiFeS spectrograph.
Figure 16: Spectra of three hot known RCB stars observed with the SSO/2.3m/WiFeS spectrograph.
Figure 17: Spectra of the six known HdC stars observed with the SSO/2.3m/WiFeS spectrograph.
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